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(57) Abstract 

A stent delivery system (10) to facilitate introduction 
b.e distal portion (14) that expands the catheter ^^^^^^^2^^^^ » an expanded condi- 
catheter distal portion has a contracted ^^^^^^t ^ter expansible portion. A sleeve (18 or 20) m the 
tion. An end portion of the stent defines a margin (ISou 7) « ove 'f^ a nrst e £ d nxed (at 2 2 or 24) to the catheter and a 
region of the catheter distal portion is positioned around the ' ^J^,^ 11 ^^ end of the stent on the catheter when the 
second end defining a margin (19 or 21) '^.^.g^^^'^p.'Sd state causes expansion of the stent, inc.ud- 

^tEen^^ «» ^ ^ * ™* ^ °~ "* ~* ^ " 

release the stent. 
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STENT DELIVERY SYSTEM 
Background of the Invention 
This invention concerns apparatus suitable for 
delivery of stents to body cavities. 
5 In general, stents are prosthetic devices which can 

be applied within a body cavity, for example, a blood vessel 
of the body of a living human, or in some other difficultly 
accessible place. The prosthesis is formed of a tubular 
body, the diameter of which can be decreased or increased. 
10 Stents are particularly useful for permanently widening a 
vessel which is either in a narrowed state, or internally 
supporting a vessel damaged by an aneurysm. Such stents are 
generally introduced to the body cavity by use of a 
catheter. 

15 For example, Zollikofer et al. , 167 Radiology 707 

(1988) , describes introduction of a self -expanding stent 
(the Wallsten prosthesis) over a catheter. The stent is 
restrained to the catheter by a doubled-over membrane, which 
is withdrawn when the stent is in the appropriate location 
20 by use of a sliding release device. Wallsten U.S. 4,685,771 
describes introduction of a prosthesis on a catheter, the 
prosthesis being held by gripping means. The prosthesis is 
expanded by pushing one of the gripping means toward the 
other so that a balloon-like shape is achieved. The 

2 5 gripping means are then released by use of a wire running 

the length of the catheter. Palmaz et al., 156 Radiology 73 
(19 85) and U.S. 4,73 3,665 describe introduction of a stent 
over a balloon catheter. The stent is held in place by 
oversized tapered leading and trailing retainers. These 

3 0 retainers appear to be an integral part of the balloon of 

the catheter. 
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Summary of the Invention 
According to one aspect of the invention, a stent 
delivery system comprises a catheter comprising an 
expansible distal portion constructed and arranged for 
5 expanding the outer diameter of the catheter from a 

contracted state to an expanded state, a stent positioned 
around the distal portion of the catheter, the stent having 
a contracted condition and being expansible to an expanded 
condition, and being sized in the contracted condition to 

10 closely surround the catheter in the contracted state, the 

stent having an end portion defining a margin lying over the 
expansible portion of the catheter, a sleeve in the region 
of the distal portion of the catheter positioned around the 
catheter, having a first end fixed to the catheter, and a 

15 second end defining a margin lying over the margin of the 
stent; the sleeve fixing the end of the stent on the 
catheter when the catheter is in the contracted state, the 
catheter and stent cooperatively constructed and arranged to 
cause expansion of the catheter from the contracted state to 

20 the expanded state to cause expansion of the stent, 

including the margin of the stent, from the contracted 
condition to the expanded condition, and therewith cause the 
margin of the sleeve to slide axially from over the margin 
of the stent, thereby releasing the end of the stent from 

25 the catheter. 

Preferred embodiments of this aspect of the 
invention may include one or more of the following features. 
The stent has a first and second end portion defining a 
first margin and a second margin lying over the expansible 

30 portion of. the catheter, a first sleeve and second sleeve in 
the region of the distal portion of the catheter are 
positioned around the catheter, each having a first end 
fixed to the catheter and a second end defining a margin 
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lying over a margin of the stent, the first sleeve and the 
second sleeve separately engaging the stent at the first 
margin and the second margin respectively; the first sleeve 
and the second sleeve fixing the ends of the stent on the 
5 . catheter when the catheter is in the contracted state, the 
expansion of the catheter from contracted state to expanded 
state causing expansion of the stent, including the first 
"and second margins of the stent, from contracted condition 
to expanded condition, and therewith causing the first and 
10 second margins of the sleeve to slide axially from over the 
margins of the first and second stent, thereby releasing the 
ends of the stent from the catheter. The sleeve is 
elastomer ic in a contracted state about the catheter, 
squeezing the margin of the stent thereagainst . The 
15 expansible distal portion comprises a balloon mounted on a 
shaft of the catheter. The stent is expanded by expansion 
of the balloon. The stent is formed of knitted material and 
the length of the stent does not significantly change when 
the stent is expanded. The stent delivery system further 
20 comprises fixing means for holding the sleeve at a specific 
location on the catheter. The fixing means is a detent 
formed from adhesive. The stent delivery system further 
comprises a hemostasis valve sheath, positioned through the 
skin into a body cavity, adapted to permit the catheter to 
25 be introduced through the sheath into the body cavity 

without injuring the cavity. The sleeve overlaps the stent 
at the margin for a maximum distance of 3 mm. The sleeve is 
formed from silicone. The sleeve is formed from any 
elastomer able to be expanded at least two times by internal 
30 pressure below that usable with a balloon angioplasty 
catheter, and formable into a thin-walled tube. The 
pressure is between about 3 and 17 atmospheres. The stent 
is able to expand elastically, superelastically or 
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plastically in diameter. The end of the stent is a distal 
end, and the sleeve fixes the stent at the distal end of the 
stent. The sleeve has the shape of a cylinder. The sleeve 
has axially running regions of weakness where the sleeve 
5 contacts the stent.. A. lubricant is provided between the 
sleeve and the catheter. The stent has a lubricous or 
hydrophilic coating. The sleeve is formed of radiopaque 
material. The sleeve comprises a barium salt. The balloon 
has a tapered diameter along at least part of the section 

10 under the stent. Only a portion of the stent is positioned 
over the balloon. 

According to another aspect of the invention, a 
method for fastening a stent to a catheter in a manner to 
facilitate introduction and later release of the stent into 

15 a body cavity, comprising the steps of providing a catheter 
having an expansible distal portion constructed and arranged 
for expanding the outer diameter of the catheter, the distal 
portion having an expanded and a contracted state; providing 
a stent having an expanded and a contracted condition; 

20 sliding the stent axially over the catheter in the 

contracted state "and* about the distal . portion; providing a 
sleeve in an expanded form, the sleeve also having a 
contracted form; sliding the expanded sleeve axially over 
the catheter and about a portion of the stent; and allowing 

25 the sleeve to contract about the catheter and the stent and 
thereby fix the stent to the catheter when the catheter and 
the stent are in contracted state and ..condition; the 
catheter and stent cooperating whereby the sleeve is 
released from the stent' when the catheter is in its expanded 

3 0 state and the stent is in its expanded condition. 

Preferred embodiments of this aspect of the 
invention may include one or more of the following features. 
The sleeve is formed of silicone and the expanded form of 
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the sleeve is provided by soaking the sleeve in freon. The 
method sleeve is allowed to contract by causing release of 
the freon from the sleeve. The sleeve is formed of a 
polymeric material having the ability to expand more than 
5 two times in diameter and to retract back to at least close 
to its original dimension. The material is chosen from 
latex, polyurethane, or polyether amide in water. The 
sleeve is held on the catheter by an adhesive detent. Two 
sleeves are provided; one sleeve being fixed about a distal 

10 end of the stent and the other sleeve being fixed about a 

proximal end of the stent. The method further comprises the 
step of "providing fixing means for holding the sleeve at a 
specific location on the catheter. 

According to another aspect of the invention, a 

15 method for positioning a stent within a body cavity 

comprises the steps of: providing a stent delivery system 
comprising a catheter having an expandable distal portion 
and a stent; introducing the stent delivery system into the 
body cavity; causing the distal portion of the catheter to 

2 0 expand and thereby plastically deforming the stent and 

causing the margin to be released from the sleeve; at least 
partially contracting the catheter; and removing the 
catheter and the sleeve from the body cavity by axially 
pulling the catheter from the body cavity. 
25 This invention provides a simple and inexpensive 

method for fixing a stent to a balloon catheter, or its 
equivalent. The invention takes advantage of the 
expandability of silicone sleeves in freon and thus the 
tight grip that such sleeves apply to a stent on a catheter 

3 0 once the freon is released. Such sleeves are difficult to 

dislodge once applied but readily allow the stent to be 
expanded and released from the catheter when in a body 
cavity. 
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Other features and advantages of the invention will 
be apparent from the following description of the preferred 
embodiments thereof, and from the claims. 

. Description of the Preferred Embodiments 
5 The drawings will first briefly be described. 

Drawings 

Fig. 1 is an isometric view, partially in 

longitudinal section, of a balloon catheter having a stent 

fixed to the catheter by a pair of retaining sleeves; 
10 Fig. 2 is the catheter of Fig. 1 shown in an 

expanded state, Fig. 2 A is the catheter in a contracted 

state after being expanded; and 

Fig. 3 is a longitudinal section through a 

contracted retaining sleeve; Fig. 3A is a longitudinal 
15 section through an expanded retaining sleeve; Fig. 3B is a 

transverse section through a contracted retaining sleeve; 

and Fig. 3C is an alternative embodiment of a retaining 

sleeve. 

Figs. 4, 5, 6 and 7 are isometric, views showing 
2 0 simultaneous expansion of a catheter balloon and stent, and 
the resulting release of the stent from a pair of retaining 
sleeves. 
Structure 

Referring to Fig. 1, stent delivery system 10 
25 includes an Ultra-Thin™ balloon catheter of length about 95 
centimeters, and a diameter of about 5 French (0.0 66 inch or 
1.68 mm). A balloon 14 of length B f about 7 centimeters, 
and wall thickness about" 0.0005 inch (0.013 mm), is fixed to 
catheter 12 by standard procedure. Balloon 14 is shown in 
30 its contracted state in Fig. 1. A stent 16 is fixed about 

balloon 14 by two overlying retaining sleeves 18, 20. Stent 
16 is formed of tantalum of length A, between 1-5 and 15.0 
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cm, for example, about 3 cm, including 22-23 rows of loops, 
with 6 loops about the circumference. Stent 16 is 
preferably formed of wire of 0.1 mm diameter (but can be 
from 0.04 to 0.2 mm diameter), with loops ranging from 1 to 
5 5 mm, generally 2 mm in length. Stent 16 is radially 

compressed against balloon 14 with a final diameter E, about 
9 French. Stent 16 has an expanded diameter F (Fig. 2) , 
between 2 and 3 0 mm, generally about 8 mm. Sleeves 18, 2 0 
are formed of silicone of length C, about 2 cm, and outer 

10 diameter about 0.065 inch (1.65 mm), inner diameter 0.03 

inches and wall thickness 0.0175 inch (0.43 mm). Sleeves 18, 
■2 0 are axially fixed along catheter 12 by adhesive detents. 
22, 24 formed of a urethane bead (Conap St 115). Distal 
detent 2 2 is tapered to ensure that the catheter assembly 

15 does not damage or traumatize a body cavity as it is pushed 
into it. Thus, the tip of the catheter, the distal detent 
and distal sleeve 2 0 form a continuously tapered surface. 
Proximal sleeve detent 22 can also be tapered if desired. 
Further, sleeves 18, 20 may have tapered edges. The sleeves 

2 0 overlap stent 16 at each end, or margin, of stent 16, a 

distance D, about 3 mm. 

Referring to Fig. 2, in its expanded state balloon 
14 has a diameter of about 8 mm with a tapered portion from 
catheter 12 of length G, about 8 mm on each side of stent 
25 16. Stent 16 is released from sleeves 18, 20 upon expansion 
of balloon 14, and, as shown, in Fig. 2A, the sleeves 
contract about balloon 14 when it is deflated. This 
deflation allows removal of balloon 14 arid sleeves 18 and 2 0 
with catheter 12, as the catheter is axially removed from a 

3 0 body cavity. 

Referring to Figs. 3, 3A and 3B, sleeve 18 in its 
contracted state has an outer- diameter of about 0.065 inch 
(1.65 mm) and an inner diameter of 0.03 inch (0.76 mm) 
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(Figs. 3, 3B) and in' its swollen state has an outer diameter 
of about 0.107 inch (2.70 mm) and an inner diameter of 0.050 
inch (1.27 mm) (Fig. 3A) . Sleeve 18 also expands 
approximately two. fold in length when placed in liquid. If 
5 allowed to fully contact it will return to approximately its 
original dimensions. In its contracted state over a 
catheter it has an outer diameter of about 0.11 inch (2.79 
mm) , thus exerting a strong circumferential force on the 
margin of the stent and on the balloon and catheter. 

10 If required, a lubricating solution can be provided 

between balloon 14 and sleeve 18 and 2 0 to aid in release of 
stent 16 from the sleeves. 
Method of Assembly 

Referring to Fig- 1, in order to assemble stent 

15 delivery system 10, a stent 16 is cut to length A and 

catheter 12 and balloon 14 cleaned with standard detergent 
in an ultrasonic cleaner for 5 minutes. The balloon, 
catheter and stent are then rinsed in clean water and 
allowed to sit in a freon bath for 5 minutes. Silicone 

2 0 tubing for sleeves 18 and 20 is then cut to length C and 
soaked in a freon bath for 5 minutes, until the silicone 
tubing has swelled, as shown in Fig. 3A. Swelling of 
silicone by this treatment is generally described by Pope et 
al. U.S. 4,715,378. 

2 5 A first silicone sleeve 18 is then pushed over the 

tip of catheter 12 and slid toward the proximal part of 
balloon 14; stent 16 is then immediately placed over balloon 
14 and its distal end slipped under the first silicone 
sleeve 18. A second silicone sleeve 2 0 is then slid over 

3 0 the tip of catheter 12 and the distal end of stent 16 

slipped under sleeve 20. Stent 16 and sleeves 18, 20 are 
then positioned, to overlap for a distance D, before the 
silicone sleeves are in their fully contracted states. Care 
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is taken to ensure that the stent is not pulled lengthwise 
during this process. After about 10 minutes, silicone 
sleeves 18, 20 return to their original dimensions and hold 
stent 16 securely to balloon 14. Distal sleeve 2 0 may be 
5 slightly longer than the catheter and overlap its tip, thus 
it is trimmed as required. A bead of adhesive is then 
applied around the ends of each silicone sleeve in contact 

with catheter 12, to form tapered detents 22, 24 to prevent 
slippage of sleeves 18, 20 axially from stent 16. The whole 
10 system is allowed to cure for 2 4 hours and a standard 

Teflon™ sheath of appropriate diameter (9 French inner 

diameter, 10 French outer diameter) is placed over stent; 16 

and balloon 14 for protection. 

Use 

15 Referring to Figs. 4, 5, 6 and 7, stent delivery 

system 10 is encased as described above and inserted by 
standard technique into a body cavity of interest. At this 
point the stent is positioned (Fig. 4) , as required by the 
physician, and balloon 14 expanded by standard technique 

20 (Figs. 5 and 6). During this expansion, stent 16 is 

expanded to fill the body duct or cavity. Sleeves 18 and 20 
. release stent 16, at which point balloon 14 is deflated by 
standard technique, and catheter 12 and sleeves 18, 20 
axially removed from the body cavity. Stent 16 remains in 

25 place (Fig. 7) . 

Other Embodiments ' 
Other embodiments are within the following claims. 
For example, stent 16 may be a self -expanding stent such 
that upon expansion of balloon 14 and release of stent 16 
30 from sleeves 18 and 20, stent 16 automatically expands, 
e.g., elastically or is thermally-induced (e.g., if the 
stent is formed of.Nitinol wire), to fill the body cavity. 
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The stent may also be formed of non-knitted material, such 
that its length A significantly decreases upon expansion, 
and thus, enhances its release from system 10. Any kind of 
stent may be delivered by this system, including plastically 
5 deformable or elastically deformable stents. These stents 
may be formed with different knitting parameters, wall 
thickness, material, loop size and may be superelastic. 
These stents may be covered with a membrane. 

Adhesive detents 22, 24 may be replaced with fixed 

10 detents formed along catheter 12 during its manufacture, by 
standard technique. These detents act merely as stoppers to 
prevent axial dislodgement of sleeves 18, 20. Further, the 
sleeves 18 , 2 0 may be affixed to the catheter with an- 
underlying adhesive or overlaying shrink tube, a crimped 

15 metal ring, or a suture. 

Sleeves 18, 20 can be formed of any other expandable 
substance, for example, polyurethane, latex or polyether 
amide. Generally, any material able to expand by more than 
two times in diameter and retract back to almost its 

2 0 original dimension is suitable. The material must also be 
able to be expanded at least two times by internal pressure 
below that usable with balloon angioplasty (about 17 
atmospheres) , and f ormable into a thin walled tube. Typical 
examples, include elastomers, such as natural rubber, 

25 thermoplastic elastomers, such as urethane, polyimides, and 
styrenes. Further, a hydrophilic polymer such as Palex 4 011 
(Atochem Inc.) is suitable. Only one sleeve 20 need- be 
provided in a stent delivery system 10. Sleeve 2 0 prevents 
axial dislodgement of stent 16 as it passes along a body 

30 cavity. Sleeves 18, 2 0 may be formed as a cylinder, as 

shown in Fig. 3, or may be provided in an irregular form to 
allow easier release of stent 16 from system 10. Referring 
to Fig. 3C, scratch marks 2 8 may be provided, in order to 
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enhance tearing and thus release of the silicone from the 
stent at the portion in contact with stent 16. 

In order to enhance release of stent 16 after 
inflation and deflation of balloon 14, balloon 14 can be 
5 twisted about 20°. Similarly, in order to enhance 

positioning of stent 16 within a body cavity, sleeves 18, 20 
may be formed of radiopaque material, such as barium 
sulfate, barium titanate, or any other metal salt which has 
an effect on X-rays. 

10 Balloon 14 can include any means by which expansion 

of stent 16 is achieved, and thence release of stent 16 from 
sleeves 18, 20. This system can be used with any balloon 
catheter or other type of catheter with a shaft diameter 
from 4 to 15 French and balloon diameter in its expanded 

15 form of 2 to 3 0 mm. Balloon catheter 14 may be either non- 
tapered in the stent-engaging region, as shown in Fig. 2, 
or tapered, or stepped, as desired. This system may be used 
to deliver stents to, for example, coronary arteries, 
peripheral arteries (e.g., popliteal artery) and visceral 

20 arteries, veins, and to the biliary tree, the urinary tract, 
and the gastro-intestinal tract. 

The above system may be used to expand just one end 
of a stent so that the stent is useful as a filter within 
the body cavity of interest. For sue:, a use only one end of 

2 5 the stent is held over the balloon and thus expanded by the 
balloon. 

What is claimed .,az 
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1 1. A stent delivery system comprising: 

2 a catheter comprising an expansible distal portion 

3 constructed and arranged for expanding the outer diameter of 

4 said catheter from a contracted state to an expanded state, 

5 a stent positioned around said distal portion of 

6 said catheter, said stent having a contracted condition and 

7 being expansible to an expanded condition, and being sized 

8 in said contracted condition to closely surround said 

9 catheter in the contracted state, 

10 said stent having an end portion defining a 

11 margin lying over said expansible portion of said catheter, 

12 a sleeve in the region of said distal portion of 

13 said catheter positioned around said catheter, having a 

14 first end fixed to said catheter, and a second end defining 

15 a margin lying over said margin of said stent; 

16 said sleeve fixing said end of said stent on said 


17 catheter when said catheter is in the contracted state, said 

18 catheter and stent cooperatively constructed and arranged to 

19 cause expansion of said catheter from said contracted state 
2 0 to said expanded state to cause expansion of said stent, 

21 including said' margin of said stent, from said contracted 

22 condition to said expanded condition, and therewith cause 
2 3 said margin of said sleeve to slide axially from over the 

24 margin of said stent, thereby releasing said end of the 

25 stent from said catheter. 


1 2 . The stent delivery system of claim 1 wherein 

2 said stent has a first and second end portion 

3 defining a first margin and a second margin lying over said 

4 expansible portion of said catheter, 

5 a first sleeve and second sleeve in the region of 

6 said distal portion of said catheter are positioned around 

7 said catheter, each having a first end fixed to said 
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8 catheter and a second end defining a margin lying over a 

9 said margin of said stent, 

10 said first sleeve and said second sleeve 

11 separately engaging said stent at said first margin and said 

12 second margin respectively; 

13 said first sleeve and said second sleeve fixing said 

14 ends of said stent on said catheter when said catheter is in 

15 ,the contracted state, said expansion of said catheter from 

16 said contracted state to said expanded state causing 

17 expansion of said stent, including said first and second 

18 margins of said stent, from said contracted condition to 

19 said expanded condition, and therewith causing said first 

2 0 and second margins of said sleeve to slide axially from over 

21 the margins of said first and second stent, thereby 

22 releasing said ends of the stent from said catheter. 

1 3. The stent delivery system of -.claim 1 or 2 

2 wherein a said sleeve is elastomeric in a contracted state 

3 about said catheter, squeezing the margin of said stent 

4 thereagainst . 

1 4 . The stent delivery system of claim 1 wherein 

2 said expansible distal portion comprises a balloon mounted 

3 on a shaft of the catheter. 

1 5. The stent delivery system of claim 4 wherein 

2 said stent is expanded by expansion of said balloon. 

1 6. The stent delivery system of claim 1 or 2 

2 wherein said stent is formed of knitted material and the 

3 length of said stent does not significantly change when said 

4 stent is expanded. 
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1 7. The stent delivery system of claim 1 further 

2 comprising fixing means for holding said sleeve at a 

3 specific location on said catheter. 

1 8. The stent delivery system of claim 7 wherein 

2 said fixing means comprises a detent formed from adhesive, 

1 9. The stent delivery system of claim 1 further 

2 comprising a hemostasis valve sheath, positioned through the 

3 skin into a body cavity, adapted to permit said catheter to 

4 be introduced through said sheath into said body cavity 

5 without injuring said cavity. 

1 10. The stent delivery system of claim 1, wherein 

2 said sleeve overlaps said stent at said margin for a maximum 
3. distance of 3 mm. 

1 11. The stent delivery system of claim 1 wherein 

2 said sleeve is formed from silicone. 

1 12. The stent delivery system of claim 1 wherein 

2 said sleeve is formed from any elastomer able to be expanded 

3 at least two times by internal pressure below that usable 

4 with a balloon angioplasty catheter, and formable into a 

5 thin-walled tube. 

1 13. The stent delivery system of claim 12 wherein 

2 said pressure is between about 3 and 17 atmospheres. 

1 14. The stent delivery system of claim 1 wherein 

2 said stent is able to expand elastically in diameter or 

3 superelastically* 
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1 is. The stent delivery system of claim 1 wherein 

2 said stent is able to expand plastically in diameter. 

1 16. The stent delivery system of claim 1 wherein 

2 said end of said stent is a distal end, and said sleeve 

3 fixes said stent at the distal end of said stent. 

1 17. The stent delivery system of claim 1 wherein 

2 said sleeve has the shape of a cylinder. 

1 18. The stent delivery system of claim 1 wherein 

2 said sleeve has axially running regions of weakness where 

3 said sleeve contacts said stent. 

1 — 19. The stent delivery system of claim 1 wherein a 

2 lubricant is provided between said sleeve and said catheter. 

1 20. The stent delivery system of claim 1 wherein 

2 said stent has a lubricous or hydrophilic coating. 

1 21. The stent delivery system of claim 1 wherein 

2 said sleeve is formed of radiopaque material. 

1 22. The stent delivery system of claim 21 wherein 

2 said sleeve comprises a barium salt. 

1 23. The stent delivery system of claim 3 wherein 

2 said balloon has a tapered diameter along at least part of 

3 the section under the stent. 

1 24. The stent delivery system of claim 3 wherein 

2 only a portion of the stent is positioned over said balloon. 
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1 25. A method for fastening a stent to a catheter in 

2 a manner to facilitate introduction and later release of 

3 said stent. into a body cavity, comprising the steps of: 

4 a) providing a catheter having an expansible distal 

5 portion constructed and arranged for expanding the outer 

6 diameter of said catheter, said distal portion having an 

7 expanded and a contracted state ; 

8 b) providing a stent having an expanded and a 

9 contracted condition; 

10 c) sliding said stent axially over said catheter in 

11 the contracted state and about said distal portion; 

12 d) providing a sleeve in an expanded form, said 

13 sleeve also having a contracted form; 

14 e) sliding said expanded sleeve axially over said 

15 catheter and about a portion of said stent; and 

16 f ) allowing said sleeve to contract about said 


17 catheter and said stent and thereby fix said stent to said 

18 catheter when said catheter and said stent are in contracted 

19 state and condition; said catheter and stent cooperating 

20 whereby said sleeve is released from said stent when said 

21 catheter is in its expanded state and said stent is in its 


22 expanded condition. 

1 26. The method of claim 2 5 wherein said sleeve is 

2 formed of silicone and said expanded form of said sleeve is 

3 provided by soaking said sleeve in freon. 

1 27. The. method of claim 21 wherein said sleeve is 

2 allowed to contract by causing release of said freon from 

3 said sleeve. 

1 28. The method of claim 2 5 wherein said sleeve is 

2 formed of a polymeric material having the ability to expand 
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3 more than two times in diameter and to retract back to at 

4 least close to its original dimension. 

1 29. The method of claim 28 wherein said material is 

2 chosen from latex, polyurethane, or polyether amide in 

3 water. 

1 30. The method of claim 28 wherein said sleeve is 

2 held on the catheter by an adhesive detent. 

1 31. The method of claim 25 wherein two said sleeves 

2 are provided; one said sleeve being fixed about a distal end 

3 of said stent and the other said sleeve being fixed about a 

4 proximal end of said stent. 

1 32. The method of claim 25 further comprising the 

2 step of providing fixing means for holding said sleeve at a 

3 specific location on said catheter. 

1 33. A method for positioning a stent within a body 

2 cavity, comprising the steps of: 

3 a) providing the stent delivery system comprising a 

4 catheter having an expandable distal portion and a stent; 

5 b) introducing said stent delivery system into said 

6 body cavity; 

7 c) causing said distal portion of said catheter to 

8 expand and thereby plastically deforming said stent and 

9 causing said margin to be released from said sleeve; 

10 d) at least partially contracting said catheter; and 

11 e) removing said catheter and said sleeve from said 

12 body cavity by axially pulling said catheter from the body 

13 cavity. 


PCI7US89/04907 

WO 90/05554 



SUBSTITUTE SHEET 


WO 90/05554 


PCT/US89/04907 


2/3 



iRRTITUTE SHEET 


WO 90/05554 


PCT/US89/04907 


3/ 3 



CM 


SUBSTITUTE SHEET 


T>/T ' international Bureau 

..KinPR THE PATENT COOPERATION TREATY (PCT) 

INTERNATIONALAPPLIC^ wo 00,05554 1 

; H oH„n«l Publication Number. 


WORLD INTELLECTUAL PROPERTY ORGANIZATION 
lmernational Bureau 



(51) latematioaal Patwt Oosifkatlo. 5 : 
A61M 29/00 


A3 


(11) International Publication Number: 
(43) International Publication Date: 


WO 90/05554 

31 May 1990(31.05.90) 


(21) International Application Number: PCT/US89/04907 

(22) .nternaHou.. Filing Date: 1 November ,989 (0..U.89) 


7 November 1988 (07.11.88) US 


(30) Priority data: 

267,575 

(US). 

wood, MA 02062 (US). w i*^", 72 (VS) NODDIN, 
. 01746 (US). 

(US). 


(8.) Designated States: AT (European patent) . ^ European 

(European patent). J P. LU (European patent). NL (Eu- 
roJearTpatent). SE (European patent). 

Published 

With international search report. 

amendments. 

m Date of pub.lcat.on of th. ^national , 2) 


(54) Title: STENT DELIVERY SYSTEM 



B 


(S7) Abstract ncludes a catheter (8) with an expansi- 

Mc distal portion ( 14) that tupands «» ,h '!f ° ' S ,„ closrty surround tht catheter and .! «P' ns ' w = » , ^ ot 20) ,„ ,„ t 
c SSr dSa. portion h» . co*r««rf I «or£ . on »f «>* 1 ^, ov „ ca,h«.*r «p..»W« „* J and . 

ing the stent margin, from contracted to expanoec c 


FOR THE rVRTOSES OF INFORMATION ONLY 

to lhe PCT on ,h. fron, W of pa.nph.eu pub^n, .n.ernationa. 
Coles used to identify States par.y to the PCT 

..rtiler the PCT. 


www " - 

applications u ruler ihe Ki- i 

AT AuMfia 

Aunrulia 

gB Barhatio* 

BE Belgium 

BF Burkina FaaO 

BC Bulgaria 

BJ Benin 

BR Brazil 

CA. <*.anada 

CP Central African Republic 

CC l^nito 

CH Swiu^rlarul 

C | t^U: iTNoire 

CM Cameroon 

CS Cu:t:hc*lo*a..ij 
OE» Germany 

DK Denmur* . r 




MC 

Madagascar 

es 

Sp» in 

ML 

Mali 

Mongol* 

Fl 

Finland 

MN 

FR 

France 

MR 

Mauritania 

CA 

Gabon 

MW 

Malawi 

CS 

United Kingdom 

NL 

Motherland* 

CN 

Guinea 

NO 

Norway 

CK 

Greece 

PL 

Poland 

HU 

Hungry 

RO 

Romania 

IT 

tuly 

SD 

Sudan 

JP 
KP 

Japan ... 
Democrat People*. Rcf>«W* 

SK 
SH 

Swukn 
Senegal 

of Korea 


Soviet Union 

KR 

Republic of Korea 

TO 

crhad 

LI 
LK 

Licehu:*i*Ui ,n 

TG 

TofO 

Sri Lanka 

US 

United State* of America 

LU 

Lu&cmbouri 



MC 

Monaco 




i 


INTERNATIONAL SEARCH REPORT 

IPC(5): A61M 29/00 


US 


604/8,104,96,281; 606A92, 623/1 



Sm entir« docuntnt 
US,A, 4,580,568 (GIAN1TJBC0) 08 APRIL 1986 
Sm tntlre docunent 

US, A, 4,649,922 (WDCIOR) 17 MARCH 1987 
Sm •ntire docunent 

US,A, 4,655,771 (MtfXSlW) 07 APRIL 1987 
Sm «ntlr» docunent 

US,A, 4,655,918 (GAP2A) 19 MAY 1987 
Sm «ntlre docunent 

us, a, *.wi.uo (am) 21 w » 8 ' 

SM entlr« docunent. 

US, A, 4,732,152 (VIALLSTEN ET AL) 22 MARCH 1988 
Sm intit* docuwwt 



-t- ***** *oc«m*m but H«W 

OtMf «"•"<• ■ 


22 AUGUST 1991 


... t 1 "^ — 


ISA/US 


r 


mo. PCT/US89/04907 

77 „„ n-- - " 


1 


I ***** to q»'rw NO 


«,*, 4,733,655 (MUM) 29 ««« WM 
Sac entire docunent 

U.A, ».7».JM (•»««> 26 ^ 19M 
Sei entire docunent 

US , A , 4.762.128 (ROSENBU/TH) 09 AUGUST INS 
See entire docunent 


